Objective-To determine the cumulative prevalences of wheeze and doctor diagnosed asthma and the point prevalences ofrecurrent cough and wheeze in children aged 5 years and under.
Introduction
Estimates of the prevalence of asthma in childhood are higher in developed countries'-3 than in developing areas of the world. The lack of an agreed definition for asthma46 leads to inconsistent diagnostic practices,7-'0 which may partially explain these differences. The prevalence of the underlying symptoms of asthma" 12 reflect the prevalence of the disease but are potentially more reliable. '3 In Westernised countries results from community based studies'4'9 and trends in admission to hospital""22
suggest that the prevalence of asthma in children has increased. Most children with asthma develop symptoms before the age of 5 years. '3'7 
Subjects and methods
The subjects were white children aged 5 years and under who lived in Leicestershire. They were recruited as a stratified random sample from the population, the sampling frame being Leicestershire Regional Health Authority's child health index. This index is a constantly updated computer record of all children who were born and who live in Leicestershire. Stratification was by year of birth to ensure equal representation of each year cohort from 1985 to 1989.
The sample size was calculated using standard sample size calculations.29 Assuming a prevalence of recurrent wheeze in the population of about 20%,' 1'11 we calculated that a sample size of 1000 would be required to be 95% certain of estimating an overall prevalence in the sample within a mean of 2-5% of its true value. Assuming that a minimum response rate would be 60%, we therefore posted questionnaires (including a postage paid envelope) to the parents of 1650 children. Non-responders were sent the questionnaire twice more. The three mailings took place between April and July 1990.
QUESTIONNAIRE DESIGN
As there was no suitable and well validated questionnaire for use in this age group, an appropriate questionnaire was constructed to address the study objectives A small pilot study of 150 questionnaires was carried out before starting the main study, and no serious problems were encountered. Approval for the study was obtained from the Leicestershire Health Authority's ethical committee.
REPEATABILITY TESTING
We tested repeatability of the questionnaire by sending it again to 100 randomly selected respondents six months after the initial survey. We explained to parents that the repetition was a form of quality control for the study and not a check on their answers. 14 9) 11 (23.4) rather than the father, and they were highest when the questionnaire was answered by both parents. These differences should not have biased the results of the study. Thus, by the criteria described, the study sample was considered representative of children of 5 and under in Leicestershire.
REPEATABILITY
The key questions on wheeze and doctor diagnosed asthma were highly repeatable (table II) . The results for cough should be interpreted with caution, although its poor repeatability may simply reflect seasonal variation (see discussion). The overall cumulative prevalences of doctor diagnosed asthma and symptomatic wheeze were 11 0% (95% confidence interval 9 4% to 12/6%) and 15-6% (13-7% to 17-5%) respectively. Table III shows these data by sex and age.
The cumulative prevalence of diagnosed asthma increased systematically and significantly with age (p= 00002). Boys had a consistently higher cumulative incidence of doctor diagnosed asthma in all age groups with the exception of 3-4 years. A logistic regression model was created by taking the number of diagnosed cases ofdoctor diagnosed asthma in each age-sex group as the binomial numerator and the total number of children in the respective groups as the denominator. After adjustment for the effect of age the odds ratio for the diagnosis of asthma (boys:girls) was 1-47 (1-05 to 2 06) (p=0 03). After adjustment for the effect of sex the cumulative prevalence of doctor diagnosed asthma still increased with age (p=0-0001), the estimated multiplicative increase being 1-27 (1-12 to 1-45) for each additional year of age. By definition, the cumulative prevalence of wheeze should also have increased systematically with age (table III) unless there was a strong birth cohort effect. Overall, however, the cumulative incidence of wheeze remained remarkably constant with age, being 15.6% (27/173) Interestingly, these overall data obscured an important interaction (p=0 03): whereas the reported cumulative prevalence of wheeze was reasonably constant (or slowly falling) with age in boys, it increased somewhat in girls; the estimated multiplicative annual increase in the odds ratio was 1-21 (1 03 to 1-44).
The finding that the proportion of children reported to have ever wheezed was relatively constant with year of birth may indicate that parental perception of significant wheeze is transient and that symptoms that seem relevant to the parent of a young child rapidly fade from memory as the child gets older. This view is supported by the birth cohort specific Kaplan-Meier functions illustrating the cumulative probability of being perceived to have developed wheeze with increasing age (figure). Clearly, the apparent rate of development of wheeze varies strongly and systematic- 0-0001; test for linear trend: x21=20-6, p<0 0001).
Thus, parents of very young children seemed to be more likely than parents of older children to report that their child had developed wheeze during the early years of life. Interestingly, the age specific KaplanMeier survival functions for the cumulative probability of being diagnosed as having asthma also showed an equivalent pattem (test for homogeneity: X24= 18-6, p=0 0009; test for linear trend: X21=9 7, p=0 002), although the observed effect was rather less strong (figure).
The evidence for non-homogeneity of the age specific patterns of the reported prevalence of wheeze was much stronger in boys (X24=27-7, p=0-0001) than in girls (X24=50, p=0 29). The non-homogeneity of the functions for doctor diagnosed asthma was, however, only slightly greater in boys (X24=11 8, p=0-02) than girls (X24= 10-4, p=0 03).
The prevalence of recurrent cough increased significantly with age (table IV) (p=0 0003), the odds increasing by an estimated multiplicative factor of 1 19 (1 -08 to 1 31) for each additional year of age. When age was taken into account the odds of recurrent cough in boys was an estimated 1-18 times greater (0-92 to 1-53) than that in girls (p=0 19).
Overall, boys had a higher odds of having had a wheezing attack during the previous 12 months (p= 0 10), the estimated sex ratio being 1 -30 (0 95 to 1 -77). Like the cumulative prevalence of wheeze, the overall prevalence remained reasonably constant with age: 15-6%0(27/173) inchildrenunder 1 year, 13-1% (40/306) in those aged 1-2 years, 12-5% (33/265) in those aged 2-3 years, 11.-6% (34/293) in those aged 3-4 years, and 13-2% (51/285) in those aged 4 years and over. There was also a strong interaction between the effects of age and sex (p=002): in boys the prevalence fell with age at an estimated multiplicative rate of 0-86 (0 74 to 1 -00) a year while in girls it was estimated to increase at a multiplicative rate of 1-14 (0 95 to 1-36) a year. These conclusions were unaffected by removing from the analysis children under the age of 1 year, for whom symptoms in the previous 12 months has a modified interpretation.
Of the 156 children who had been diagnosed as having asthma, 72 (461%) had a history of wheeze without recurrent cough, 17 (109%) had recurrent cough without wheeze, 53 (34.0%) had both symptoms, and 14 (9.0%) had neither. Most children with asthma suffered from recurrent cough but only when they had BMJ VOLUME 306 22 mAy1993 Age (years) Cumulative probability of being perceived as having developed wheeze and asthma by age group a cold. There was no significant sex difference in the symptomatic pattern of those with doctor diagnosed asthma (p=0 19). However, the proportion of children with wheeze who had been diagnosed as having asthma increased significantly with increasing age (4077% (11/27) 
Discussion
Inferences about the prevalence and severity of asthma in preschool children have been based on studies in older age groups'4 '9 and are limited by imperfect recall of asthmatic symptoms.25 Sound epidemiological data from studies of preschool children are lacking. Accordingly, we designed, tested, and used a postal questionnaire for parents to investigate a wide range of issues pertaining to asthma in preschool children. We estimated age and sex specific cumulative prevalences and point prevalences of selected asthmatic symptoms and doctor diagnosed asthma. We do not claim that doctor diagnosed asthma is the reference standard for true asthma, but we believe that it is a useful variable with important implications for health care and epidemiology.
VALIDITY OF STUDY
The study population consisted of a stratified random sample from Leicestershire health authority's child health register, which is an active computer record of all children resident in Leicestershire. This register provides the basis for developmental surveillance and for the immunisation and vaccination programme in the district, and nearly all children of preschool age are said to be registered. Sampling was based on pseudorandom numbers generated by computer. Therefore no reason is apparent why the children selected for the initial mailing should be anything other than representative of the preschool population of Leicestershire.
The overall response rate in the study was 86%, which compares favourably with several other studies of asthma'2 3341 in children of school age. We considered the possibility that the responders were a non-random subsample of the mailed population. The parents of children with asthmatic symptoms or diagnosed asthma might have been systematically more (or less) likely to respond than the parents of asymptomatic children. In reality, parents of children with asthma are more likely to respond, but even in the most extreme case-if all of the non-responding parents had symptom free children-the rates we found would have been inflated only by about 16% (100/86= 1-16).
We elected not to seek information from other sources (such as general practitioners) about our nonresponders, partly because we thought that parents' failure to respond to three mailings might reasonably be viewed as an implicit refusal to include their child in the study. To gain some impression of the likely impact of non-response bias we therefore compared the cumulative prevalence and prevalence estimates across the three mailings. As there was no clear pattem to the relation between symptoms and mailing the 14% nonresponse rate is unlikely to have had any major impact on the principal estimates reported in the study. This conclusion is further supported by the demographic similarity of the responding population to the overall preschool population in Leicestershire.
The validity of the pertinent questions in the questionnaire should also be considered. When possible these questions were obtained from previously validated questionnaires, and all were piloted to ensure apparent comprehensibility. All questions seemed to have face validity, and informal tests of construct validity showed no serious inconsistency between the results of related questions. Repeatability was tested formally six months after the initial questionnaires were posted. All responses pertaining to wheeze and doctor diagnosed asthma were highly repeatable, confirming previous reports in older children.'2"3 However, the answers to the questions about cough showed moderate or low repeatability. By choosing to test repeatability at six months, the results could have been influenced by seasonal variation. Because of their phrasing, the questions on cough are most likely to have been influenced by this effect. Interestingly, in the cohort component of our study, in which we are following up children between two and five years after the initial survey, preliminary results suggest that the long term repeatability of the questions about cough is higher than the repeatability at six months, which is consistent with this hypothesis. In addition to repeatability, the accuracy of data entry was formally checked by re-entering a total of 25 randomly selected questionnaires. No data errors were identified.
On the basis of these epidemiological conclusions, we believe that our results provide an acceptable reflection of the true, parentally perceived, age and sex specific cumulative prevalence of doctor diagnosed asthma and the prevalence of asthmatic symptoms among preschool children in Leicestershire. These data should therefore be a useful baseline for future comparative studies.
IMPLICATIONS
Our study also shows that parental recall of the development of symptomatic wheeze is inconsistent even within the preschool age range. Given that there is no effect of birth cohort-which would need to be so large as to be virtually inconceivable over only five years-the fact that the parents of very young children report a similar cumulative prevalence of wheeze to the parents of older children strongly suggests that some episodes of wheeze that are perceived as significant by the parents of the younger children are forgotten as the child gets older. It is not just that parents forget when a child started to wheeze, for that would affect the Kaplan-Meier incidence functions but not the cumulative prevalences themselves, but that parents of older children completely forget episodes of wheeze that the parents of younger children perceive as important. This underlines the difficulty of studying the symptomatic profile of preschool children from the retrospective recall of the parents of school age children.
Our results suggest that many young children might transiently be viewed as having significant symptomatic wheeze but the symptoms are ultimately so shortlived and mild that they are later completely forgotten. This suggests the existence of a pool of wheezing of questionable significance that could potentially contribute to an apparent increase in the prevalence of asthma should an increase in diagnostic vigour and heightened public awareness suddenly lead to such children being diagnosed as asthmatic.
Clearly, if preschool children pass through phases of wheezing and non-wheezing and if parental recall is flawed asthma can be studied comprehensively only in an appropriate age group and ideally by studies with a prospective cohort design. We have extended our cross sectional study to follow a proportion of children longitudinally, and we are aware of a number of other preschool cohorts that are being followed prospectively from birth. We hope that these studies will ultimately help provide definitive answers to the important questions about the development and natural course of asthma and asthmatic symptoms in preschool children.
BMJ VOLUME 306CONCLUSIONS In conclusion, we believe that we have obtained valid estimates of the age and sex specific cumulative prevalences of wheeze and doctor diagnosed asthma and the point prevalences of wheeze and recurrent cough in preschool children. These data are interesting in their own right and should be a valuable comparative baseline for studies in other areas and for investigations of the changes in the incidence and prevalence of asthma over calendar time.
We thank Leicestershire District Health Authority for allowing us to use the child health register as a sampling frame, particularly Dr Barbara Marshall for helping us with this process. We also thank the parents of children volunteered for the study for their cooperation. This work was supported by a grant from Fisons Pharmaceuticals. One sunny afternoon in June a young girl was brought into the emergency department after being knocked from her bicycle by a car. She was apnoeic on arrival and had been unresponsive since the accident. I intubated her and put her on a mechanical ventilator. This act produced menacing but silent criticism: she would be brain damaged if she survived the misplaced enthusiasms of a young doctor was the clear but silent message. But I could not abandon this fledgling life to the cruel whim of a road traffic accident and continued to resuscitate her. All investigations gave normal results. She had no obvious injuries, not even a skull fracture. Her body was unmarked, yet she lay there as if sleeping. We transferred her to the intensive care unit, where she remained unsedated and unresponsive.
She was clearly brain stem dead. On a bank holiday weekend it became my responsibility to find a consultant not involved with the case who would confirm this opinion. The first consultant I telephoned refused to come in from home on a holiday weekend to attend a patient who did not require treatment. He was not on duty, and he did not consider the confirmation of brain death to be an emergency. I tried several other consultants and received many different excuses, only some of which seemed to be genuine. Meanwhile, her parents waited and wondered what was delaying the moment of their ultimate anguish when their only daughter would die and her declared wish of being a kidney donor would be fulfilled.
A lovely summer's day gave way to dusk when I rang a senior consultant at home. His daughter said that he was enjoying a rare night off and had left for a dinner engagement. I persuaded her to give me the number. I waited, then rang, summoning him from the table and explaining the situation. By now I was prepared to endure the wrath of a doctor I knew by repute but had never met. When I had finished my story I started to receive what I at first believed to be another excuse. He had enjoyed a couple of drinks but was not drunk. But he never drove when he had taken any alcohol. He said that he would ask another guest to drive him to the hospital. He arrived in full evening dress and completed the examination thoroughly and quietly. He never once commented on my calling him and made only a few gentle but critical remarks about his colleagues.
When the transplant team arrived in the early hours of the morning and they made their pragmatic but brutal cruciate incision into the abdomen I watched in terror lest the kiss of the surgeon's knife wake this beauty from her sleep. It did not.
The necropsy showed a brainstem haemorrhage. The transplant team told me some time later that one kidney had been sent to Europe and the other, quite by chance, had been implanted into a patient who lived near the donor. It was, apparently, the child of the consultant I had rung first.-A D REDMOND is a senior lecturer in emergency and disaster medicine in Stoke-on-Trent. We welcome contributions to fillers: A patient who changed my practice; A paper that changed my practice; A memorable patient; The message I would most like to leave behind, or similar topics.
